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EHHQVHHQE\PDQ\DVDSDUDGLJPVKLIWRISDUDPRXQW LPSRUWDQFHWKDW LQUHFHQW\HDUVKDVDOVRDIIHFWHGWKHVRFLDO
EHKDYLRURIDODUJHSDUWRIWKHSRSXODWLRQ6XIILFHLWWRVD\LQIDFWWKDWHYHU\GD\VHUYLFHVOLNH'URSER[1HWIOL[RU
:KDWVDSSRZHSDUWRIWKHLUVXFFHVVWRWKHIOH[LELOLW\WKHFORXGVXSSOLHV
7KHUHLVDQXQGHQLDEOHH[FLWHPHQWDURXQGWRWKHSRVVLELOLWLHVRIIHUHGE\WKHZLGHDGRSWLRQRIFORXGFRPSXWLQJDQG
WKLVOHGWRWKHIORXULVKLQJRIDPDUNHWZKHUHDODUJHQXPEHURISOD\HUVFRPSHWHZLWKKHWHURJHQHRXVDQGFRQVWDQWO\
HYROYLQJWHFKQRORJLFDORIIHUV$VDFRQVHTXHQFHWKHSURFHVVRIVRIWZDUHGHVLJQDQGLPSOHPHQWDWLRQH[SHULHQFHGD
GHHSFKDQJH2QWKHRQHKDQGWKH&ORXGKDVPHDQWIRUGHYHORSHUVKDYLQJDVHWRIQHZWRROVDQGDEVWUDFWLRQVWKDW
VLPSOLI\ WKHGHYHORSPHQWDQGRSHUDWLRQSURFHVVHV'\QDPLFV\VWHPVFDSDEOH WRUHDFW WRZRUNORDGIOXFWXDWLRQVE\
DGDSWLQJ WKHPVHOYHV LQRUGHU WRNHHS WKHSHUIRUPDQFHXQFKDQJHGFDQHDVLO\EXLOWDQGUXQGHOHJDWLQJ WR WKHFORXG
SURYLGHUWKHLQWHQVLYHWDVNVRILQIUDVWUXFWXUHPDQDJHPHQWDQGPDLQWHQDQFH2QWKHRWKHUKDQGQHZLPSRUWDQWLVVXHV
ZHUH LQWURGXFHG9HQGRU ORFNLQDQGSHUIRUPDQFHYDULDELOLW\ LQ WKH&ORXGDUH MXVW VRPHRI WKHSUREOHPV WKDW WKH
GHYHORSHUKDVWRIDFH,QIDFWWKHLQFUHDVLQJVL]HDQGFRPSOH[LW\RIVRIWZDUHV\VWHPVFRPELQHGZLWKWKHZLGHUDQJH
RIVHUYLFHVDQGSULFHVDYDLODEOHLQWKHPDUNHWSXWVWKHGHVLJQHUEHIRUHWKHQHFHVVLW\WRHYDOXDWHDFRPELQDWRULDOO\
JURZLQJ QXPEHU RI GHVLJQ DOWHUQDWLYHV ZLWK WKH JRDO RI ILQGLQJ D PLQLPXPFRVW FRQILJXUDWLRQ WKDW VXLWV WKH
DSSOLFDWLRQ4XDOLW\RI6HUYLFH4R6UHTXLUHPHQWV7RFDUU\RXWVXFKDWDVNWKHV\VWHPGHVLJQHUVKRXOGFRQVLGHUD
ODUJHQXPEHURIDOWHUQDWLYHVDQGVKRXOGEHDEOHWRHYDOXDWHFRVWVWKDWRIWHQGHSHQGVRQWKHDSSOLFDWLRQG\QDPLFVDQG
SHUIRUPDQFHIRUHDFKRIWKHP7KLVFDQEHYHU\FKDOOHQJLQJHYHQLQIHDVLEOHLISHUIRUPHGPDQXDOO\VLQFHWKHQXPEHU
RIVROXWLRQVPD\EHFRPHH[WUHPHO\ODUJHGHSHQGLQJRQWKHQXPEHURISRVVLEOHSURYLGHUVDQGDYDLODEOHWHFKQRORJ\
VWDFNV:KDWLVPRUHLQPDQ\FDVHVWKHSHUIRUPDQFHRIWKHVHVHUYLFHRIIHULQJVPD\YDU\GHSHQGLQJRQWKHDSSOLFDWLRQ
W\SHVWKDWDUHLQWHQGHGWREHH[HFXWHGXSRQWKHPDQGWKHLUFKDUDFWHULVWLFVLQWHUPVRIUHVRXUFHXVDJH,QWHQVLYH5$0
&38 GLVN RU *38 XVDJH PD\ EH WRJJOHG EHWZHHQ DSSOLFDWLRQV WKDW KDYH GLIIHUHQW JRDOV VXFK DV JUDSKLFV
HQYLURQPHQWVVFLHQWLILFFRPSRQHQWVGDWDEDVHLQVWDQFHVRUIURQWHQGV(YDOXDWLQJDVSHFLILFDQGDUELWUDU\DSSOLFDWLRQ
FRPSRQHQWRYHUWKHHQWLUHUDQJHRIRIIHULQJVEHFRPHVDGDXQWLQJWDVNHVSHFLDOO\ZKHQWKHGHSOR\PHQWRIWKHIRUPHU
PD\EHVXEMHFWWRSURYLGHUVSHFLILFRUFRPSRQHQWVSHFLILFDFWLRQVRUFRGHLQHDFKFDVH+RZHYHUE\FRPSDFWLQJWKH
QHFHVVDU\PHDVXUHPHQWVWRDQDEVWUDFWHGOHYHOE\XVLQJLQGLFDWLYHFDWHJRUL]HGDQGJHQHULFEHQFKPDUNVRQHPD\
UHGXFHWKHHIIRUWQHHGHGLQWKLVWDVN
)XUWKHUPRUHFORXGV\VWHPVDUHLQKHUHQWO\PXOWLWHQDQWDQGWKHLUSHUIRUPDQFHPD\FKDQJHRYHUWLPHGHSHQGLQJ
RQWKHFRQJHVWLRQOHYHOSROLFLHVLPSOHPHQWHGE\WKHFORXGSURYLGHUDQGFRPSHWLWLRQDPRQJUXQQLQJDSSOLFDWLRQV
$VVHVVLQJ WKH SHUIRUPDQFH RI DQ DSSOLFDWLRQ LQ WKH &ORXG LV D FRPSOH[ SURFHVV WKDW UHTXLUHV XQELDVHG GDWD DQG
VSHFLDOL]HGPRGHOV RIWHQ LPSO\LQJ VNLOOV WKDW JR EH\RQG WKRVH FRPPRQO\ H[KLELWHG E\ VRIWZDUH HQJLQHHUV 7KLV
VLWXDWLRQFDOOVIRUDQDO\WLFDOWHFKQLTXHVPRGHOVDQGEHQFKPDUNVWKDWVLPSOLI\WKHSURFHVVRISHUIRUPDQFHHYDOXDWLRQ
DWGHVLJQWLPHLQRUGHUWRVXSSRUWWKHXVHULQWKHGHFLVLRQPDNLQJSURFHVV
7KLVZRUNDLPVDWDGGUHVVLQJDQGVROYLQJWKLVSUREOHPSURSRVLQJWKHFRPELQHGXVHRIFORXGEHQFKPDUNLQJWRROV
WRDFTXLUHVHUYLFHUDWLQJVRYHUDZLGHVHWRIDSSOLFDWLRQW\SHVEDVHGRQZLGHO\XVHGEHQFKPDUNVDQGDQDXWRPDWHG
WRRODEOH WRHIILFLHQWO\H[SORUH WKH VSDFHRIGHVLJQDOWHUQDWLYHV+DYLQJVXFK LQIRUPDWLRQDYDLODEOHDWGHVLJQWLPH
HQDEOHVGHVLJQHUVWRPDNHPRUHLQIRUPHGGHFLVLRQVDERXWWKHWHFKQRORJ\WRDGRSWDQGWKHDUFKLWHFWXUHWRLPSOHPHQW
WRPLJUDWHOHJDF\DSSOLFDWLRQVDQGIXOO\H[SORLWWKHSRWHQWLDOLW\RIIHUHGE\WKHFORXGLQIUDVWUXFWXUH
7KH UHPDLQGHURI WKHSDSHU LVRUJDQL]HGDV IROORZV ,Q6HFWLRQ WKHEHQFKPDUNLQJDSSURDFKIROORZHG LQ WKH
FRQWH[WRIWKH$57,67SURMHFWLVSUHVHQWHGZKLOH6HFWLRQLQWURGXFHVWKHGHVLJQWLPHH[SORUDWLRQWRROGHYHORSHG
ZLWKLQ02'$&ORXGV,Q6HFWLRQWKHH[SHULPHQWDOUHVXOWVDFKLHYHGRQDFDVHVWXG\E\FRPELQLQJDQGLQWHJUDWLQJ
WKH WZRDSSURDFKHVDUHSUHVHQWHG ,Q6HFWLRQ UHODWHGZRUN LQ WKH UHVSHFWLYH ILHOGV LVGHVFULEHGZKLOH WKHSDSHU
FRQFOXGHVLQ6HFWLRQ
&ORXG%HQFKPDUNLQJ
)RUDVXFFHVVIXOPLJUDWLRQRIDOHJDF\V\VWHPRQFORXGHQYLURQPHQWVRQHVKRXOGWDNHLQWRDFFRXQWWKHYDU\LQJ
SHUIRUPDQFHLVVXHVRIFORXGVHUYLFHV7RGD\¶VFORXGVHUYLFHVGLIIHUDPRQJRWKHUVE\FRVWSHUIRUPDQFHFRQVLVWHQF\
JXDUDQWHHV ORDGEDODQFLQJ FDFKLQJ IDXOW WROHUDQFH 6/$ DQG SURJUDPPLQJ ODQJXDJHV 6\VWHP DUFKLWHFWV DQG
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GHYHORSHUVKDYHWRWDFNOHZLWKWKLVYDULHW\RIVHUYLFHVDQGWUDGHRIIV0RUHRYHULQVRPHFDVHVFORXGSURYLGHUVRIIHU
WKHLURZQPHWULFVIRUHYDOXDWLQJDQGJXDUDQWHHLQJFORXG4R6
+HQFHLQRUGHUWRPHDVXUHSHUIRUPDQFHDVSHFWVDQGVHOHFWWKHFORXG6HUYLFHVWKDWILWEHVWWRWKHDSSOLFDWLRQW\SH
WKDWLVWREHPLJUDWHGDQDEVWUDFWHGSURFHVVLVLPSOHPHQWHGE\XVLQJVXLWDEOHWRROVDQGWHVWVQDPHO\EHQFKPDUNLQJ
7KHILUVWVWHSRIWKLVSURFHVVLVWRGHILQHDVHWRISHUIRUPDQFHVWHUHRW\SHVEDVHGRQGLIIHUHQWDSSOLFDWLRQFDWHJRULHV
7KHPDLQJRDO RI WKHVH VWHUHRW\SHV LV WR H[WUDFW DQXPEHURISHUIRUPDQFH FKDUDFWHULVWLFVRI WKHSURYLGHU WKDW DUH
QHFHVVDU\IRUPHHWLQJ4R6UHTXLUHPHQWVRIWKHPLJUDWHGFORXGDSSOLFDWLRQV7KHVRXUFHRIWKHVHFKDUDFWHULVWLFVDUH
FRPPRQ DSSOLFDWLRQ W\SHV WKDW FRUUHVSRQG WR YDULRXV SRSXODU DSSOLFDWLRQV DQG KDYH EHHQ OLQNHG WR UHVSHFWLYH
EHQFKPDUNVWKDWFDQEHXVHGWRLQGLFDWHDVSHFLILFRIIHULQJDELOLW\WRVROYHUHDOOLIHFRPSXWDWLRQDOSUREOHPV7KXV
WHVWVKDYHEHHQLGHQWLILHGZLWKVSHFLILFZRUNORDGSDWWHUQVWKDWFDQEHPDSSHGWRFRQFUHWHUHDOZRUOGDSSOLFDWLRQV
%HQHILWVRIVXFKDFDWHJRUL]DWLRQLQFOXGHWKHDELOLW\WRDEVWUDFWDQRIIHULQJSHUIRUPDQFHFDSDELOLWLHVRQDQDSSOLFDWLRQ
GHVFULSWLRQ OHYHO WKXV EHLQJ HDVLO\ UDQNHG DFFRUGLQJ WR XVHU LQWHUHVWV IRU D VSHFLILF FDWHJRU\ &RQFHUQLQJ WKH
FKDUDFWHUL]DWLRQ RI D VHUYLFH DELOLW\ IURP D SHUIRUPDQFH SRLQW RI YLHZ $57,67 (XURSHDQ SURMHFW SURYLGHV WKH
%HQFKPDUNLQJ6XLWHIRUEHQFKPDUNLQJFORXGSODWIRUPVLQRUGHUWRH[WUDFWSHUIRUPDQFHUHODWHGGDWD7KLVIUDPHZRUN
LVDIXOO\DXWRPDWHGVROXWLRQIRUPDQDJLQJWKHEHQFKPDUNLQJSURFHVVEDVHGRQDVHWRIWKLUGSDUW\EHQFKPDUNLQJWRROV
WKDWFRYHUDVPXFKDVSRVVLEOHWKHHQWLUHDSSOLFDWLRQILHOG7KHVHWRIWKHDSSOLFDWLRQW\SHVXVHGLQ$57,67LVUHSRUWHG
LQ7DEOH
7DEOH%HQFKPDUN7HVWVXVHGLQWKH$57,67SODWIRUP
%HQFKPDUN7HVW $SSOLFDWLRQ7\SH
<&6% 'DWDEDVHV
&ORXGVXLWH &RPPRQZHEDSVOLNHVWUHDPLQJZHEVHUYLQJHWF
)LOHEHQFK )LOHV\VWHPDQGVWRUDJH
'D&DSR -90DSSOLFDWLRQV

7KURXJKFRQQHFWRUVWKHEHQFKPDUNLQJVXLWHLVDEOHWRSURYLVLRQFORXGUHVRXUFHVLQVWDOODQGH[HFXWHEHQFKPDUNLQJ
WRROV UHWULHYH UHVXOWV DQG HYHQWXDOO\ GHVWUR\ SURYLVLRQHG UHVRXUFHV &RPSDUHG WR RWKHU DYDLODEOH EHQFKPDUNLQJ
VROXWLRQVIRU&ORXGRXUDSSURDFKGUDVWLFDOO\UHGXFHVWKHPDQXDOLQWHUYHQWLRQLQWKHEHQFKPDUNLQJSURFHVVDOORZLQJ
PDVVLYHDQGODUJHVFDOHWHVWV
6XFKVXLWHDOORZVFDUU\LQJRXW WHVWVDQGJHWWLQJSHUIRUPDQFHPHWULFV LQDKRPRJHQHRXVDQG LQGHSHQGHQWZD\
0HWULFV FDQ WKHQ EH XVHG WR FROOHFW RYHU WKH WLPH TXDQWLWDWLYH LQIRUPDWLRQ DERXW WKH SHUIRUPDQFH RIIHUHG DQG
FRQVWLWXWHWKHEDVHOLQHIRUWKHVHOHFWLRQRIFORXGVHUYLFHVGXULQJWKHVHFRQGRSWLPL]DWLRQDQGGHVLJQWLPHRSWLPL]DWLRQ
SKDVH7KHEHQFKPDUNLQJVXLWH FRPHVZLWKD*8,:HE IURQWHQG IRU UHWULHYLQJ VHUYLFH LQIRUPDWLRQEDVHGRQ WKH
LGHQWLILHGDSSOLFDWLRQW\SHDVZHOODVLQFRUSRUDWLQJFRVWDVSHFWVLQDUHODWLYHUDQNLQJEDVHGRQXVHULQWHUHVWZLWKWKH
DELOLW\WRLQVHUWLQWHUHVWZHLJKWVRQHLWKHUFRVWRUSHUIRUPDQFH5HVXOWVPD\EHUDQNHGHLWKHUEDVHGRQSHUIRUPDQFHRI
WKHEHQFKPDUNRUE\DFRPELQHGHIILFLHQF\LQGH[ZLWKFRVWDSSHDULQJLQWKHIROORZLQJHTXDWLRQ



4R6$VVHVVPHQWDQG2SWLPL]DWLRQ
'HVLJQWLPHH[SORUDWLRQLVVXSSRUWHGE\WKH63$&(&ORXG6\VWHP3HUIRUP$QFHDQG&RVW(YDOXDWLRQRQ&ORXG
DPXOWLSODWIRUPRSHQVRXUFHWRROIRUWKHVSHFLILFDWLRQDVVHVVPHQWDQGRSWLPL]DWLRQRI4R6FKDUDFWHULVWLFVIRU&ORXG
DSSOLFDWLRQV,WDOORZVVRIWZDUHDUFKLWHFWVWRGHVFULEHDQDO\]HDQGRSWLPL]HFORXGDSSOLFDWLRQVIROORZLQJWKH0RGHO
'ULYHQ'HYHORSPHQW DSSURDFK  63$&(&ORXG VXSSRUWV02'$&ORXGV0/PHWDPRGHOV ZKLFK H[SUHVV FORXG
VSHFLILFDWWULEXWHV$PRQJRWKHUWKLQJVVXFKPRGHOVLQFOXGHDUFKLWHFWXUDODQG4R6FRQVWUDLQWVHJ90XWLOL]DWLRQ
RUDYHUDJHDSSOLFDWLRQUHVSRQVHWLPHDUH ORZHUWKDQJLYHQWKUHVKROGVDQGDXVHUGHILQHGZRUNORDGQHFHVVDU\WR
DVVHVVERWKSHUIRUPDQFHDQGFRVWRIWKHDSSOLFDWLRQXQGHUGLIIHUHQWORDGFRQGLWLRQV

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)LJ$UFKLWHFWXUHRI63$&(&ORXGWRRO

8VHUV FDQ VSHFLI\ WKH PRGHOV GHILQLQJ WKH DSSOLFDWLRQ XVLQJ &UHDWRU &ORXGV DQ RSHQVRXUFH ,'( ZKLOH
LQIRUPDWLRQDERXW WKHSHUIRUPDQFHRI WKHFRQVLGHUHGFORXG UHVRXUFHV LV VWRUHG LQD64/GDWDEDVH WRGHFRXSOH LWV
HYROXWLRQIURPWKHRQHRIWKHWRRO
63$&(&ORXGFDQEHXVHGHLWKHUWRDVVHVVWKHFRVWDQGSHUIRUPDQFHRIDIXOOGHVFULEHGVROXWLRQLHDSSOLFDWLRQ
DQGFORXGFRQILJXUDWLRQDFFRUGLQJWRDVSHFLILFFRVWPRGHORUSURYLGLQJRQO\WKHDSSOLFDWLRQPRGHOWRILQGDVXLWDEOH
HYHQPXOWLFORXGFRQILJXUDWLRQWKDWPLQLPL]HVWKHUXQQLQJFRVWZKLOHPHHWLQJ4R6UHTXLUHPHQWV,QRUGHUWRDVVHVV
WKHSHUIRUPDQFHRI WKHDSSOLFDWLRQXQGHUGHYHORSPHQW63$&(&ORXG WUDQVODWHV WKHGHVLJQPRGHOVZKLFKDUHDQ
H[WHQVLRQRI3DOODGLR&RPSRQHQW0RGHOVHW3&0LQWR/D\HUHG4XHXLQJ1HWZRUNV/41VSHUIRUPDQFHPRGHO
WKDWDUHHYHQWXDOO\VROYHGE\DSSURSULDWHWRROVLQSDUWLFXODU/,1(RU/416
)LJKLJKOLJKWVWKHPDLQHOHPHQWVRI63$&(&ORXGDVZHOODVWKHOLQNVZLWKRWKHUWKLUGSDUW\FRPSRQHQWV7KH
,QLWLDO6ROXWLRQ%XLOGHULVLQFKDUJHRIJHQHUDWLQJDQLQLWLDOGHSOR\PHQWE\VROYLQJD0L[HG,QWHJHU/LQHDU3URJUDP
0,/3EXLOWRQDSSUR[LPDWHSHUIRUPDQFHPRGHOVDQGVROYHGE\DWKLUGSDUW\VROYHU$OOH[SHULPHQWVUHSRUWHGLQWKLV
SDSHUZHUHFRQGXFWHGXVLQJ&3/(;7KHUHVXOWLQJVROXWLRQLVWKHQXVHGWRELDVWKH2SWLPL]HUWRZDUGSURPLVLQJ
]RQHVRIWKHVROXWLRQVSDFH$IDVWDQGHIIHFWLYHORFDOVHDUFKH[SORUDWLRQSURFHGXUHWKDWLPSOHPHQWVHOHPHQWVIURP
ERWK 7DEX DQG ,WHUDWHG /RFDO VHDUFK SDUDGLJPV LV WKH FRUH RI WKLV FRPSRQHQW 7KH UDWLRQDOH RI WKH FRUH
PHWDKHXULVWLFDOJRULWKPLVWRLPSURYHLWHUDWLYHO\WKHFXUUHQWVROXWLRQE\PHDQVRIORFDOPRYHVZKLFKDUHHVVHQWLDOO\
WUDQVIRUPDWLRQDFWLRQV WKDWVWDUWLQJIRUPDVROXWLRQ OHDG WRDQHZSRVVLEO\EHWWHURQH7KHQHZVROXWLRQ LV WKHQ
HYDOXDWHGLQWHUPVRIFRVWDQGSHUIRUPDQFHSDUWRIWKHDVVHVVPHQWSURFHVVFRQVLVWVLQGHULYLQJDVHWRISHUIRUPDQFH
PRGHOVQDPHO\/41PRGHOVZKLFKDUHWKHQDQDO\]HGE\DQH[WHUQDOVROYHU7KH&ORXG5HVRXUFH'DWDEDVHSURYLGHV
LQIRUPDWLRQDERXWFORXGSURYLGHURIIHUVLQWHUPVRI90FRVWVDQGSHUIRUPDQFHPHWULFVZKLFKDUHQHFHVVDU\WRFUHDWH
WKH/41PRGHOV
/41VKDYHEHHQSUHIHUUHGWRRWKHUSHUIRUPDQFHPRGHOVDVWKH\FDQEHXVHGWRUHSUHVHQWFRPSOH[V\VWHPVHJ
PXOWLWLHUDSSOLFDWLRQVDQGFRPSHWLWLRQDPRQJDSSOLFDWLRQUHTXHVWVDWVRIWZDUHOD\HU,QWKLVZRUNZHDGRSWHG/,1(
IRUDOOWKHH[SHULPHQWVDVWRWKHEHVWRIRXUNQRZOHGJHLWLVWKHRQO\VROYHUDEOHWRWDNHLQWRDFFRXQWFORXGSHUIRUPDQFH
YDULDELOLW\WKURXJKUDQGRPHQYLURQPHQWV:KDWLVZRUWKWREHSRLQWHGRXWDWWKLVSRLQWLVWKDWWKHHYDOXDWLRQRID
VLQJOHFDQGLGDWHVROXWLRQRIRXU,WHUDWHG/RFDO6HDUFKLVDWLPHFRQVXPLQJWDVNUHVXOWLQJLQDERWWOHQHFNIRUWKHHQWLUH
RSWLPL]DWLRQSURFHVV7KLVKDSSHQVEHFDXVHDVROXWLRQFRPSULVHVKRXUGHSOR\PHQWFRQILJXUDWLRQVHDFKRIWKHP
OHDGLQJWRDGLIIHUHQW/41PRGHOWREHHYDOXDWHGDOVRLQWHUPVRIFRVWDQGIHDVLELOLW\)RUWKLVUHDVRQLQRUGHUWRVSHHG
XSWKHHYDOXDWLRQSURFHVVZHUHDOL]HGDPXOWLWKUHDGFRQQHFWRUFRPSRQHQWPDQDJLQJWKHSDUDOOHOHYDOXDWLRQRIWKH
/41PRGHOVRIDVLQJOHVROXWLRQDQGDFDFKHEDVHGSUR[\3DUWLDO6ROXWLRQ&DFKHWRVWRUHDQGUHWULHYHWKHHYDOXDWLRQ
RISUHYLRXVVROXWLRQVIRUHDFKKRXULQWKHWLPHKRUL]RQ7KHVHDGGLWLRQVJUHDWO\ERRVWWKHRYHUDOOHYDOXDWLRQSURFHVV
VLQFHWKHRSWLPL]HUWHQGVWRJHQHUDWHVLPLODUVROXWLRQVWKXVE\FDFKLQJSDUWLDOHYDOXDWLRQVWKHWRROLVDEOHWRDYRLG
XQQHFHVVDU\HYDOXDWLRQVRISHUIRUPDQFHPRGHOV
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([SHULPHQWDO$QDO\VLV
7KHFRPELQHGPHWKRGRORJ\RIWKHWZRDSSURDFKHVDSSHDUVLQ)LJ)ROORZLQJWKHVHOHFWLRQRIWKHDSSOLFDWLRQ
FDWHJRULHVDQGUHVSHFWLYHWHVWVWKHEHQFKPDUNVDUHUXQDQGWKHLUUHVXOWVDUHXVHGWRSRSXODWHWKH5DZ'DWD'%RI
$57,67 6XFK UHVXOWV DUH WKHQ LPSRUWHG ZLWKLQ 63$&(&ORXG UHVRXUFH '% DQG DUH H[SORLWHG GXULQJ WKH
63$&(&ORXGFDQGLGDWH VROXWLRQSHUIRUPDQFH DVVHVVPHQW WR HYDOXDWHKRZ WKHSHUIRUPDQFHPHWULFVRI WKH WDUJHW
DSSOLFDWLRQFKDQJHVE\YDU\LQJWKHW\SHDQGVL]HRIWKHKRVWLQJUHVRXUFHV7KHVHWRIEHQFKPDUNVWREHFRQVLGHUHGLQ
WKHGHVLJQWLPHH[SORUDWLRQKDVWREHFRQILJXUHGDSULRULE\WKHDSSOLFDWLRQGHYHORSHU,QWKHIROORZLQJVHFWLRQZH
UHSRUWWKHUHVXOWVRIRXUEHQFKPDUNLQJDFWLYLW\6HFWLRQVKRZVWKHUHVXOWVZHDFKLHYHGIRUWKHRSWLPDOGHVLJQRID
VRFLDOQHWZRUNLQJDSSOLFDWLRQFDVHVWXG\
4.1. Benchmarking process 
,QRUGHUWRH[DPLQHWKHSHUIRUPDQFHDVSHFWVRIFORXGHQYLURQPHQWVZHSURFHHGHGWRWKHH[HFXWLRQRISHUIRUPDQFH
PHDVXUHPHQWVRQYDULRXVFORXGSURYLGHUV7KHUHVXOWVIURPWKHEHQFKPDUNLQJSURFHVVZHUHVWRUHGLQDQLQWHUQDO5DZ
GDWD'%LQRUGHUWREHXVHGGXULQJWKHPLJUDWLRQRIDQDSSOLFDWLRQFRPSRQHQWIRUVHOHFWLQJWKHEHVW&ORXGHQYLURQPHQW
LQWHUPVRISHUIRUPDQFHWREHKRVWHG
'XULQJWKHH[SHULPHQWDOSURFHVVIRULQYHVWLJDWLQJGLIIHUHQFHVLQ90SHUIRUPDQFHZHXWLOL]HGZRUNORDGVIURP
'D&DSR<&6%DQG)LOHEHQFKEHQFKPDUNLQJ WRROV'D&DSRLVGHVLJQHG WRIDFLOLWDWHSHUIRUPDQFHDQDO\VLVRI
-DYD9LUWXDO0DFKLQHVZKLOH<&6% DQG)LOHEHQFKPHDVXUHV GDWDEDVHV SHUIRUPDQFH DQG ILOH V\VWHP DQG VWRUDJH
UHVSHFWLYHO\7KHVHOHFWHGZRUNORDGVIURPHDFKWHVWZHUHUXQQLQJRQLQVWDQFHVLQWKUHHGLIIHUHQWFORXGHQYLURQPHQWV
$PD]RQ(&0LFURVRIW$]XUHDQG)OH[LDQW)RUDOOWKUHHFDVHVGLIIHUHQWW\SHVRI90LQVWDQFHVZHUHFRQVLGHUHG$
VXPPDU\RIWKHFKDUDFWHULVWLFVRIWKHVHOHFWHGEHQFKPDUNLQJZRUNORDGVLVUHSRUWHGLQ7DEOHDQG7DEOH

7DEOH7\SHVRI:RUNORDGVSHU%HQFKPDUN&DWHJRU\
)LOHEHQFK:RUNORDGV
ILOHVHUYHU$ILOH
V\VWHPZRUNORDG
VLPLODUWR
63(&VIV
9DUPDLO$YDUPDLO1)6
PDLOVHUYHUHPXODWLRQ
IROORZLQJWKHZRUNORDGRI
3RVWPDUNEXWPXOWLWKUHDGHG
9LGHRVHUYHU$PL[RI
RSHQUHDGFORVHRSHUDWLRQVRQ
PXOWLSOHILOHVLQDGLUHFWRU\WUHH
SOXVDILOHDSSHQG
:HESUR[\$PL[RI
FUHDWHZULWHFORVH
RSHQUHDGFORVHGHOHWHRI
PXOWLSOHILOHVLQDGLUHFWRU\
WUHHSOXVDILOHDSSHQG


'D&DSR:RUNORDGV
[DODQ
WUDQVIRUPV
;0/
GRFXPHQWV
LQWR+70/
RQHV
WRPFDW
UXQVDVHWRI
TXHULHV
DJDLQVWD
WRPFDW
VHUYHU
UHWULHYLQJ
DQG
YHULI\LQJ
WKHUHVXOWLQJ
ZHESDJHV
SPG
DQDO\]HVD
VHWRI-DYD
FODVVHVIRUD
UDQJHRI
VRXUFHFRGH
SUREOHPV




M\WKRQ
LQWHUSUHWV
S\EHQFK
3\WKRQ
EHQFKPDUN





KH[HFXWHV
D-'%&
EHQFKPDUN
XVLQJD
QXPEHURI
WUDQVDFWLRQV
DJDLQVWD
EDQNLQJ
PRGHO
DSSOLFDWLRQ
IRS
SDUVHVIRUPDWV
;6/)2ILOH
DQGJHQHUDWHV
D3')ILOH
HFOLSVH
H[HFXWHVMGW
SHUIRUPDQFH
WHVWVIRUWKH
(FOLSVH,'(
DYURUD
VLPXODWHVD
QXPEHURI
SURJUDPV
UXQQLQJRQ
DJULGRI
$95PLFUR
FRQWUROOHUV

<&6%:RUNORDGV
 $8SGDWH
KHDY\
ZRUNORDG
%5HDG
PRVWO\
ZRUNORDG
&5HDG
RQO\

'5HDG
ODWHVW
ZRUNORDG
(6KRUW
UDQJHV

)5HDG
PRGLI\
ZULWH


7KHH[HFXWLRQRIWKHWHVWVWRRNSODFHDWVSHFLILFKRXUVDWGLIIHUHQWWLPHLQWHUYDOVGXULQJDSHULRGRIHLJKWPRQWKV
IURP-XO\WR)HEUXDU\DQGWKHDYHUDJHYDOXHVZHUHH[WUDFWHGIRUHDFKFDVH0RUHRYHUWKHGLIIHUHQWWLPH
]RQHVRIWKHWKUHHGLIIHUHQWSURYLGHUORFDWLRQVZHUHWDNHQLQWRFRQVLGHUDWLRQVRWKDWWKHSHDNKRXUVZHUHWKHVDPHLQ
HDFK]RQH,Q$PD]RQ(&FDVHWKHYLUWXDOPDFKLQHVZHUHUXQQLQJLQD1RUWK9LUJLQLDGDWDFHQWHUZKLOHLQWKHFDVH


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)LJ&RPELQHGPHWKRGRORJ\RIWKHWZRDSSURDFKHV
RI0LFURVRIW$]XUHDQG)OH[LDQWWKHGDWDFHQWHUVZHUHORFDWHGLQ,UHODQGDQGWKH8QLWHG.LQJGRPUHVSHFWLYHO\90
LQVWDQFH FKDUDFWHULVWLFV DUH VXPPDUL]HG LQ7DEOH $IWHU FRPSOHWLQJ WKH EHQFKPDUNLQJ SURFHVV WKH UHVXOWVZHUH
UHWULHYHGIURPWKHORFDOGDWDEDVHSURFHVVHGDQGWKHSORWVUHSRUWHGLQ)LJZHUHREWDLQHG

7DEOH3URYLGHUVDQG90LQVWDQFHW\SHVFRQVLGHUHGE\WKHEHQFKPDUNLQJSURFHVV
&ORXG3URYLGHU 90LQVWDQFH 5HJLRQ
 WPLFUR 19LUJLQLD
 PVPDOO
$PD]RQ(& PPHGLXP
 PODUJH
0LFURVRIW$]XUH $VPDOO6WDQGDUG ,UHODQG
 $PHGLXP6WDQGDUG
)OH[LDQW *%5$0&38 8.
 *%5$0&38
 *%5$0&38
 *%5$0&38

,QRUGHUWRGUDZFRQFOXVLRQVIURPWKHH[HFXWLRQRIWKHEHQFKPDUNVRQHVKRXOGFRPSDUHEHWZHHQVDPHFRORXU
EDUVLQGLFDWLQJVLPLODUZRUNORDGV)LJD)URPWKHJUDSKVLWLVHYLGHQWWKDWWKHSHUIRUPDQFHIRUDVSHFLILFZRUNORDG
YDULHVDQGGHSHQGVRQERWKWKHW\SHRIZRUNORDGDQGWKH90LQVWDQFHVL]H)RULQVWDQFHIRUWKH'D&DSREHQFKPDUN
WKHZRUNORDGSHUIRUPDQFH DFURVV$]XUH $6WDQGDUG$PD]RQ PODUJH DQG$PD]RQ PPHGLXP LV DOPRVW
VLPLODUH[FHSWIRUVRPHFDVHVZKHUH$PD]RQSURYLGHVEHWWHUUHVXOWVIRUWKHZRUNORDGKZKLOH$]XUHZDVEHWWHUIRU
WKHZRUNORDGDYURUD6LPLODUUHVXOWVIRU<&6%DQG)LOHEHQFKKDYHEHHQREWDLQHG:KDWDSSHDUVDOVRIURP)LJD
DQGLVPRUHHYLGHQWLQWKHUDWLQJSURGXFHGWKURXJKWKHDSSOLFDWLRQRIWKH6HUYLFH(IILFLHQF\IRUPXODLQ)LJELVWKH
IDFWWKDWLQPDQ\FDVHVORZHUFDSDELOLW\90VSURYHWREHVLJQLILFDQWO\PRUHHIILFLHQW7KLVPD\EHGXHWRWKHIDFWWKDW
WKHZRUNORDGRIWKHWHVWGRHVQRWGULYHWKH90UHVRXUFHVWRWKHOLPLWWKXVZKHQFRVWVDUHLQFOXGHGLWLVHYLGHQWWKDW
KLJKHUFDSDELOLW\90VDUHQRWQHFHVVDU\IRUWKHVSHFLILFFDVH)XUWKHUPRUHIURPWKHDEVROXWHVHUYLFHUDWLQJVLQ)LJXUH
DZKLOHLQJHQHUDOUHVXOWVDUHUHDVRQDEOHKLJKHUFDSDELOLW\90VSURGXFHEHWWHUDEVROXWHUHVXOWVDQXPEHURIQRQ
LQWXLWLYHFDVHVPD\EHREWDLQHGIRUH[DPSOHLQWKHFDVHRI$YURUDIRU$]XUH$DQG$RU)OH[LVFDOH*E&38DQG
*%&38,QWKDWFDVHWKHXVDJHRIDVPDOOHU90QRWRQO\LVPRUHHIILFLHQWEXWSRUWUD\VDOVRHQKDQFHGDEVROXWH
UDWLQJV7KLVPD\EHDWWULEXWHGWRDUDQGRPSURFHVVVWDUWLQJIRUH[DPSOHLQWKHJXHVW26ZKLFKKRZHYHULVUHGXFHG
E\WKHUHSHWLWLRQRIWKHPHDVXUHPHQWSURFHVVRUSRWHQWLDOO\WRWKHZD\90VDUHGHSOR\HGFRORFDWHGDQGPDQDJHG
ZLWKLQWKHSURYLGHUFOXVWHU7KLVFRORFDWLRQKDVEHHQSURYHQWRFDXVHVLJQLILFDQWSHUIRUPDQFHGHJUDGDWLRQDQGWKLV
PD\EHWUXHHVSHFLDOO\IRUODUJH90VWKDWPD\EHDVVLJQHGDQGFRH[LVWLQJRQWKHVDPHSK\VLFDOKRVW,QRXUFDVHWKH
H[SHULPHQWVZHUHUHSHDWHGDSSUR[LPDWHO\WLPHVZLWKHDFKH[SHULPHQWUXQQLQJWLPHVWKHUHVSHFWLYHWHVW,QWKH
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FRQWH[WRIDQRUPDOO\RSHUDWLQJEHQFKPDUNLQJVHUYLFHRIFRXUVHWKHVHQXPEHUVZRXOGQHHGWREHKLJKHUDQGUHSHDWHG
SRWHQWLDOO\LQDSHULRGLFPDQQHU


   D       E
)LJD3HUIRUPDQFHWLPHLQPLOOLVHFRQGVIRU'D&DSRWHVWE6HUYLFH(IILFLHQF\PHWULFIRU'D&DSRWHVW

4.2. A Case Study: the MiC application 
7KLVVHFWLRQLVGHYRWHGWRSUHVHQWDQGDQDO\]HWKHUHVXOWVRIDSUHOLPLQDU\H[SHULPHQWZLWKWKHMRLQWEHQFKPDUNLQJ
DQDO\WLFDSSURDFKSUHVHQWHGLQWKLVZRUN7KHDLPRIWKLVVWXG\LVWRSURYLGHDFRPSDULVRQEHWZHHQUHVXOWVREWDLQHG
XVLQJQRPLQDOYDOXHV&38VSHHGQXPEHURIFRUHVDQGPHPRU\SURYLGHGE\FORXGSURYLGHUVDQGWKRVHFDOFXODWHG
FRQVLGHULQJEHQFKPDUNLQJLQIRUPDWLRQ,QWKLVODWWHUFDVHWKHXVHUFDQHYHQVSHFLI\WKHZRUNORDGDFFRUGLQJWRWKH
DSSOLFDWLRQFKDUDFWHULVWLFVHJ&38RU,2ERXQGIRUHDFKDSSOLFDWLRQWLHULQRUGHUWRJHWDPRUHUHOLDEOHDVVHVVPHQW
7KH H[SHULPHQW KDV EHHQ SHUIRUPHG E\ FRQVLGHULQJ D VRFLDO QHWZRUN DSSOLFDWLRQ FDOOHG0L& 0HHWLQJ LQ WKH
&ORXG0L&LVDZHEDSSOLFDWLRQWKDWOHWVWKHXVHUWRSURILOHKHUKLVWRSLFVRILQWHUHVWDQGWRVKDUHWKHPZLWKVLPLODU
XVHUV0RUHRYHU0L&LGHQWLILHVWKHPRVWVLPLODUXVHUVLQWKHQHWZRUNDFFRUGLQJWRWKHUHJLVWHUHGXVHUV¶SUHIHUHQFHV
0RUH VSHFLILFDOO\ GXULQJ WKH UHJLVWUDWLRQ SURFHVV WKH QHZ XVHU VHOHFWV KHUKLV WRSLFV RI LQWHUHVW IURP D VHW RI
DOWHUQDWLYHVSURYLGLQJDSUHIHUHQFHIRUHDFKRIWKHPLQWKHUDQJHWR$WWKHHQGRIWKHUHJLVWUDWLRQ0L&FDOFXODWHV
WKH3HDUVRQFRHIILFLHQWEDVHGRQWKHSUHIHUHQFHVH[SUHVVHGLGHQWLILHVWKHXVHUVLQWKHV\VWHPZLWKWKHPRVWVLPLODU
LQWHUHVWVDQGFUHDWHVDOLVWRIFRQWDFWVIRUWKHQHZFRPHU
$IWHUWKHUHJLVWUDWLRQSURFHVVWKHXVHUFDQORJLQLQWRWKH0L&SRUWDODQGLQWHUDFWZLWKKHUKLVEHVWFRQWDFWVE\
)LJ%HKDYLRUDODQGGHSOR\PHQWPRGHORIWKH0L&DSSOLFDWLRQ
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)LJ:RUNORDGDGRSWHGIRUWKHH[SHULPHQW
ZULWLQJDQGUHDGLQJSRVWVRQWKHVHOHFWHGWRSLFV8VHUVFDQDOVRFKDQJHWKHLULQWHUHVWVUHILQLQJWKHLUSURILOHVLQWKLV
FDVHWKHV\VWHPUHDFWVUHHYDOXDWLQJWKHVLPLODULW\DQGXSGDWLQJWKHOLVWRIUHFRPPHQGHGFRQWDFWV7KHDSSOLFDWLRQ
ZKRVHPDLQHOHPHQWVDUHGHSLFWHGLQ)LJFRPSULVHVWZRWLHUVD)URQWHQGWRSURFHVVWKHLQFRPLQJKWWSUHTXHVWVYLD
WKH/RJLQDQG3RVWVHUYOHWDQGD%DFNHQGUXQQLQJD0\VTOGDWDEDVH WRVWRUHVXVHUV¶SURILOHVPHVVDJHVDQGEHVW
FRQWDFWVOLVWVVHH)LJ$3&0PRGHOIRU0L&DSSOLFDWLRQKDVEHHQUHDOL]HGIUHHO\DYDLODEOHDQGWKHUHVRXUFH
GHPDQGVIRUHDFKH[SRVHGIXQFWLRQDOLW\KDVEHHQSURILOHGZLWKLQ02'$&ORXGVSURMHFW
:HGHYLVHGDQH[SHULPHQW LQ WZRSKDVHV LQ WKH ILUVWSKDVHZHDQDO\]H WKH63$&(&ORXGRXWFRPHV IRU0L&
DSSOLFDWLRQDQGWZRFORXGSURYLGHUVQDPHO\$PD]RQDQG0LFURVRIWZKLFKDUHDPRQJWKHPRVWLPSRUWDQWSOD\HUVLQ
WKHPDUNHWFRQVLGHULQJWKHQRPLQDOSHUIRUPDQFHLQIRUPDWLRQDYDLODEOHRQWKHRQOLQHFDWDORJV$FRQVWUDLQWRIPV
SUHGLFDWLQJRQWKHDYHUDJHUHVSRQVHWLPHRIHYHU\IXQFWLRQDOLW\H[SRVHGE\0L&KDVEHHQFRQVLGHUHG,QWKHVHFRQG
SKDVHZHILUVW LPSRUW LQWR63$&(&ORXG UHVRXUFHGDWDEDVHSHUIRUPDQFHYDOXHVREWDLQHG IURP WKHEHQFKPDUNLQJ
DFWLYLW\GHVFULEHGLQWKHSUHYLRXVVHFWLRQ,QSDUWLFXODUZHXVHGWKHUHVXOWVIURP'D&DSREHQFKPDUNIRUWKHZHE
)URQWHQGZKHUHDV )LOHEHQFK KDV EHHQ VHOHFWHG WR DVVHVV WKH SHUIRUPDQFH RI WKH%DFNHQG WLHU KRVWLQJ WKH0\VTO
GDWDEDVH,QWKLVZD\63$&(&ORXGFDQUHWULHYHWKHLQIRUPDWLRQWKDWEHWWHUILWWKHEHKDYLRURIHDFKWLHU
,QERWKSKDVHVRIWKHH[SHULPHQWZHRSWLPL]HG90DOORFDWLRQIRU0L&DSSOLFDWLRQVXEMHFWWRDELPRGDOZRUNORDG
ZLWKXVHUVDWLWVSHDNVZKLFKDUHORFDWHGLQWKHFHQWUDOSDUWRIWKHGD\VHH)LJ
5HVXOWVRIWKLVDQDO\VLVDUHGHSLFWHGLQ)LJ:HFDQQRWLFHWKDWDVZDVWREHH[SHFWHGDOOWUDFHVIROORZWKHWUHQG
GHILQHGE\WKHZRUNORDG0RUHRYHULQWKHDQDO\VLVSHUIRUPHGXVLQJWKHEHQFKPDUNYDOXHVRQDYHUDJHDORZHUQXPEHU
RIPDFKLQHVLVQHHGHGWRIXOILOWKH4R6UHTXLUHPHQWV7KHDYHUDJHQXPEHURI90VIRUHDFKWLHULVUHSRUWHGLQ)LJ
1RQHWKHOHVV63$&(&ORXGUHWXUQVDGLIIHUHQWDQGPXFKPRUHSRZHUIXO90W\SHIRUWKHEHQFKPDUNVXSSRUWHGFDVH
DQGWKLVFKRLFHLVHYHQWXDOO\UHIOHFWHGRQWKHFRVWSHUWLHUZKLFKLVODUJHO\LQFUHDVHG
7KHUHVXOWVRIWKLVDQDO\VLVGHPRQVWUDWHGWKDWWKHSHUIRUPDQFHDGYHUWLVHGE\FORXGSURYLGHUVPXVWEHFRQVLGHUHG
RQO\DVVRPHJXLGHOLQHVIRUWKHFKRLFHRIWKH90DQGWKHQWREHDEOHWRJHWDUHOLDEOHHVWLPDWHRIWKHSHUIRUPDQFHRI
DQDSSOLFDWLRQLQWKH&ORXGLVQHFHVVDU\WRUHVRUWWRWRPRUHDFFXUDWHEHQFKPDUNUHVXOWV



)LJ1XPEHURI90VUXQQLQJGXULQJWKHGD\IRU$PD]RQDDQG0LFURVRIWE
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7DEOH5HVXOWVRIWKHH[SHULPHQW
 $PD]RQ(& 0LFURVRIW$]XUH
 907\SH 907\SH
)URQWHQG FPHGLXP 3UHYLHZ([WUD
6PDOO,QVWDQFH
)URQWHQG%HQFK PODUJH $
%DFNHQG FPHGLXP 3UHYLHZ([WUD
6PDOO,QVWDQFH
%DFNHQGEHQFK PODUJH $
5HODWHG:RUN
2XU ZRUN LV UHODWHG PDLQO\ ZLWK WKUHH UHVHDUFK DUHDV FORXG EHQFKPDUNLQJ FORXG DSSOLFDWLRQV SHUIRUPDQFH
DVVHVVPHQW DQG FORXG DSSOLFDWLRQV GHVLJQ VSDFH H[SORUDWLRQ :LWK UHODWLRQ WR EHQFKPDUNLQJ RI FORXG VHUYLFHV
&ORXG+DUPRQ\DQG&ORXG6OHXWKDUHSHUIRUPDQFHPHDVXUHPHQWWRROVWKDWDUFKLYHWKHWHVWUHVXOWVDQGPDNHWKHP
DYDLODEOHIRUDFFHVVWKURXJKWKHZHE$3,7KHIRUPHURIIHUVDYDVWQXPEHURIFXVWRPL]DEOHEHQFKPDUNVDQGSURYLGHV
YDULRXVSHUIRUPDQFHPHWULFVZLWKIRFXVRQDSSOLFDWLRQ&38'LVN,20HPRU\,2HWFIRUYDULRXVFORXGSURYLGHUV
RQOLQH+RZHYHUWKHUHLVRQHDVSHFWWKDWFRXOGEHDPHOLRUDWHGZLWKUHJDUGWRWKLVDSSURDFK6LQFHDODUJHQXPEHURI
EHQFKPDUNLQJ WHVWV LV LQFOXGHG LQ WKH OLVW LW ZRXOG EH GHVLUDEOH WR OLPLW WKH VFRSH RI WHVWV WR LQWHUHVWLQJ VKLIW LQ
PHDVXUHPHQWV&ORXG6OHXWKFDQEXLOWXSDFORXGDSSOLFDWLRQEHQFKPDUNZKLFKSURYLGHVDYDLODELOLW\DQGUHVSRQVHWLPH
RIYDULRXVFORXGSURYLGHUVRQOLQHE\FRQWLQXRXVO\PRQLWRULQJDVDPSOHDSSOLFDWLRQUXQQLQJRQWRSFORXGFRPSXWLQJ
SURYLGHUVKRZHYHUWKHIRFXVLQRQZHEEDVHGDSSOLFDWLRQV
:LWKUHJDUGWRSHUIRUPDQFHIUDPHZRUNV3HUI.LW%HQFKPDUNHULVDOLYLQJRSHQVRXUFHWRROIRUEHQFKPDUNLQJ
FORXGDOORZLQJGHYHORSHUVWRJHWDWUDQVSDUHQWYLHZRIDSSOLFDWLRQWKURXJKSXWODWHQF\YDULDQFHDQGRYHUKHDG7KLV
IUDPHZRUNLQFOXGHVSRSXODUEHQFKPDUNLQJZRUNORDGVWKDWFDQEHH[HFXWHGDFURVVPXOWLSOHFORXGSURYLGHUV+RZHYHU
WKHRQO\OLPLWDWLRQLVWKDW3HUI.LWWRROVDUHFXUUHQWO\VXSSRUWRQO\$PD]RQ$:60LFURVRIW$]XUHFORXGVDQG*RRJOH
&RPSXWH(QJLQH)LQDOO\6N\PDUNLVDQH[WHQVLEOHDQGSRUWDEOHSHUIRUPDQFHDQDO\VLVIUDPHZRUNIRU,DD6FORXGV
,WHQDEOHVWKHJHQHUDWLRQDQGVXEPLVVLRQRIUHDORUV\QWKHWLFFRPSOH[ZRUNORDGVDFURVV,DD6FORXGHQYLURQPHQWVDQG
LWFDQDQDO\]HWKHLPSDFWRILQGLYLGXDOSURYLVLRQDQGDOORFDWLRQSROLF\VSHFLILHGE\WKHXVHUSULRUWRWKHLQLWLDWLRQRI
WKHH[SHULPHQW7KURXJKWKHDFFXPXODWLRQRIVWDWLVWLFDOLQIRUPDWLRQUHJDUGLQJWKHZRUNORDGH[HFXWLRQWKHIUDPHZRUN
LVDEOHWRFDUU\RXWDSHUIRUPDQFHDQDO\VLVRIWKHXQGHUO\LQJ,DD6V\VWHPV
$VIDUDVTXDOLW\DVVHVVPHQWLVFRQFHUQHGWKH2EMHFW0DQDJHPHQW*URXS20*LQWURGXFHGIRUWKLVSXUSRVHWZR
80/SURILOHVVSHFLDOO\WDLORUHGWRPRGHO4R6FDOOHG6FKHGXODELOLW\3HUIRUPDQFHDQG7LPH637DQG0RGHOLQJ
DQG$QDO\VLVRI5HDO7LPHDQG(PEHGGHG6\VWHPV0$57(7KHVHSURILOHVDOORZWRH[SUHVVVRPHSHUIRUPDQFH
FKDUDFWHULVWLFV EXW VWLOO ODFN WKH SURSHU VXSSRUW WRPRGHO WKH KHWHURJHQHLW\ RI WKH FORXG LQIUDVWUXFWXUH$ VLPLODU
DSSURDFKOHGWR3&0DODQJXDJHWKDWFDQEHXVHGWRPRGHODQDSSOLFDWLRQDQGLWVQRQIXQFWLRQDOSURSHUWLHV2QFH
DQDSSOLFDWLRQLVIXOO\GHVFULEHGSHUIRUPDQFHPRGHOVFDQEHDXWRPDWLFDOO\GHULYHGDQGVROYHGLQRUGHUWRREWDLQD
SUHGLFWLRQRQWKHDSSOLFDWLRQEHKDYLRU+RZHYHUVLQFHWKHVSDFHRIGHVLJQDOWHUQDWLYHVIRUDVLQJOHDSSOLFDWLRQFDQ
EHYHU\ODUJHWKHWDVNRIILQGLQJWKHPRVWVXLWDEOHRQHLVRIWHQDUGXRXVDQGWLPHGHPDQGLQJIRUWKLVUHDVRQVROXWLRQV
DEOHWRJXLGHWKHXVHUKDYHEHHQSURSRVHG7KHPDMRULW\RIWKHPOHYHUDJHSDUWLFXODUDOJRULWKPVWRHIILFLHQWO\H[SORUH
WKHGHVLJQVSDFH LQ VHHNLQJIRU VROXWLRQV WKDWRSWLPL]HSDUWLFXODUTXDOLW\PHWULFV([DPSOHVRI WHFKQLTXHVXVXDOO\
DGRSWHG DUH HYROXWLRQDU\ DOJRULWKPV DQG LQWHJHU OLQHDU SURJUDPPLQJ %RWK $UFKH2SWHUL[ DQG 3HU2SWHUL[
IUDPHZRUNXVHJHQHWLFDOJRULWKPV WRJHQHUDWHFDQGLGDWHVROXWLRQV2WKHUZRUNSUHVHQWVDQHIILFLHQW WDEXVHDUFK
76KHXULVWLFWKDWKDVEHHQXVHGWRGHULYHFRPSRQHQWDOORFDWLRQLQWKHFRQWH[WRIHPEHGGHGV\VWHPVFRQVLGHULQJ
DYDLODELOLW\ FRQVWUDLQWV7KH6$66< IUDPHZRUN VWDUWV IURPDPRGHORI D VHUYLFHRULHQWHGDUFKLWHFWXUHSHUIRUPV
VHUYLFH VHOHFWLRQ DQG DSSOLHV SDWWHUQV OLNH UHSOLFDWLRQ DQG ORDG EDODQFLQJ LQ RUGHU WR IXOILOO TXDOLW\ UHTXLUHPHQWV
)LQDOO\)UH\HWDOSURSRVHGDFRPELQHGPHWDKHXULVWLFVLPXODWLRQDSSURDFKEDVHGRQDJHQHWLFDOJRULWKPWRGHULYH
GHSOR\PHQWDUFKLWHFWXUHDQGUXQWLPHUHFRQILJXUDWLRQUXOHVWRPRYHDOHJDF\DSSOLFDWLRQWRWKH&ORXG
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&RQFOXVLRQV
7KHDELOLW\WRPHDVXUHFORXGVHUYLFHVRQDYDULHW\RIGLIIHUHQWDSSOLFDWLRQW\SHVHQDEOHGXVWRDEVWUDFWWKHSURFHVV
RI VHUYLFHPHDVXUHPHQW DQGVHOHFWLRQ DYRLGLQJ UHSHDWLQJ VXFKDQDO\VLV IRU HDFKDQGHYHU\ LQGLYLGXDO DSSOLFDWLRQ
FRPSRQHQWRQHQHHGVWRGHSOR\+RZHYHUWKHRSWLPDOVHOHFWLRQIRUDVSHFLILFDSSOLFDWLRQGHSOR\PHQWPD\LQFOXGH
WKHVHOHFWLRQIURPDPXOWLWXGHRISURYLGHUVDQGFRQVLGHUWKHSHUIRUPDQFHLQGLYLGXDO90W\SHVDYDLODEOH7KXVWKH
FRPELQDWLRQRIWKHWZRDSSURDFKHV$57,67%HQFKPDUNLQJ6XLWHDQG63$&(&ORXGHQDEOHVWKHDELOLW\WRDSSO\
WKLVRSWLPDOGHFLVLRQRQWKHHQWLUHDSSOLFDWLRQFKDLQOHYHOZKLOHWDNLQJXQGHUFRQVLGHUDWLRQXVHULQWHUHVWVLQWHUPVRI
FRVWDQGSHUIRUPDQFH
7KLVKDVEHHQGHPRQVWUDWHGE\WKH0L&XVHFDVHZKHUHGLIIHUHQWUHVRXUFHVKDYHEHHQVHOHFWHG
$VIXWXUHZRUNVLQFHLQPDQ\FDVHVHYHQWKHDSSOLFDWLRQRZQHUPD\QRWEHDZDUHRIWKHRYHUDOO90EHKDYLRU
HVSHFLDOO\LQFDVHVZKHQGLIIHUHQWW\SHVRIFRPSRQHQWVDUHJURXSHGLQWKHVDPH90LWZLOOEHQHFHVVDU\WRXQGHUJR
DVWHSIXUWKHULHDSURILOLQJDQGFODVVLILFDWLRQVWHS'XULQJVXFKVWHSWKHRYHUDOOEHKDYLRURID90FRQVLVWLQJRI
DQDUELWUDU\QXPEHURIFRRSHUDWLQJFRPSRQHQWVZLOOEHPHDVXUHGDQGFDWHJRUL]HGDFFRUGLQJWRWKHEHKDYLRURIWKH
VHOHFWHGEHQFKPDUNVLQRUGHUWRFODVVLI\WKHIRUPHUWRRQHRIWKHODWWHUEDVHGRQWKHGRPLQDQWEHKDYLRUDQGSRWHQWLDO
ERWWOHQHFNVDWWKHV\VWHPOHYHOLQWHUPVRIUHVRXUFHXWLOL]DWLRQ
$FNQRZOHGJHPHQWV
7KH UHVHDUFK OHDGLQJ WR WKHVH UHVXOWV LV SDUWLDOO\ VXSSRUWHG E\ WKH (XURSHDQ&RPPXQLW\ 6HYHQWK )UDPHZRUN
3URJUDPPH)3XQGHUJUDQWDJUHHPHQWQLQWKHFRQWH[WRIWKH$57,673URMHFWDQGXQGHUJUDQW
DJUHHPHQWQRLQWKHFRQWH[WRIWKH02'$&/28'6SURMHFW
5HIHUHQFHV
 )HUNRXQ0,%07KRXJKWVRQ&ORXGKWWSZZZWKRXJKWVRQFORXGFRPKRZFORXGFRPSXWLQJLVLPSDFWLQJHYHU\GD\OLIH
 *DUWQHU*URXS+\SH&\FOHIRU&ORXG&RPSXWLQJKWWSVZZZJDUWQHUFRPGRFK\SHF\FOHFORXGFRPSXWLQJ͒
 .R]LROHN$.R]LROHN+5HXVVQHU53HU2SWHU\[$XWRPDWHG$SSOLFDWLRQRI7DFWLFVLQ0XOWLREMHFWLYH6RIWZDUH$UFKLWHFWXUH2SWLPL]DWLRQ
,Q4R6$3URF4R6$,6$5&6¶SDJHV±1HZ<RUN1<86$$&0͒
 )HUU\15RVVLQL$&KDXYHO)0RULQ%6ROEHUJ$7RZDUGVPRGHOGULYHQSURYLVLRQLQJGHSOR\PHQWPRQLWRULQJDQGDGDSWDWLRQRIPXOWL
FORXGV\VWHPV,Q,(((&/28'3URFSDJHV±,(((&RPSXWHU6RFLHW\͒
 )UDQFHVFKHOOL'$UGDJQD'&LDYRWWD0'L1LWWR(6SDFHFORXGDWRROIRUV\VWHPSHUIRUPDQFHDQGFRVWHYDOXDWLRQRIFORXGV\VWHPV,Q
3URF0XOWL&ORXG¶SDJHV±1HZ<RUN1<86$$&0͒
 %HFNHU 6.R]LROHN+5HXVVQHU 5 7KH SDOODGLR FRPSRQHQWPRGHO IRUPRGHOGULYHQ SHUIRUPDQFH SUHGLFWLRQ -RXUQDO RI 6\VWHPV DQG
6RIWZDUH±͒
 5ROLD-6HYFLN.7KHPHWKRGRIOD\HUV6RIWZDUH(QJLQHHULQJ,(((7UDQVDFWLRQVRQ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